cially available in the form of cacao butter substitutes, easy digestible oils, light calorie oils, metabolism-stimulating oils, oxidation-stabilized oils, etc. 5 .
Although there are many reports on the FA selectivity of different lipases in TAG transesterification and on the preparation of structured oils containing long-chain and medium-chain FAs with high physiological activity, there are only a few reports on the optimum reaction conditions required to prepare short-chain FAs for introduction into TAGs 6, 7 . Yankah et al. attempted to incorporate C8:0 and C18:1 into tristearin using lipase IM-60, and reported that the incorporation ratio of C18:1 was higher than that of C8:0 8 . Hara et al. reported that TAGs containing C8:0 21.7-38.5 , C10:0 26.6-48.7 , and C12:0 28.3-58. 3 could be prepared by varying reaction time between 4-32 h in the transacylation of tuna orbital oil with a medium-chain FA using Lipozyme RM-IM 9 . Fomuso et al.
attempted to prepare a low-calorie structured oil by transacylation between C4:0 or C6:0 and triolein with lipases and reported that, among the 7 lipases tested G, PS, L, N, In the present work, transacylation reactions were carried out using the commercially available lipases, Lipozyme RM-IM and Lipase PL, and the following were investigated: i FA specifi city of Lipozyme RM-IM used in transacylation of TAG under standard reaction conditions; ii the optimum reaction conditions for transacylation between TAG and short-chain FAs; and iii a comparison of reaction ratios of short-chain FAs by Lipozyme RM-IM and Lipase PL. were used as TAG substrates. C4:0-C10:0 Wako Pure Chemical Industries Ltd., Japan , C12:0 Koso Chemical Co., Japan , C14:0 Nacalai Tesque Inc., Japan , and C16:0 Koso Chemical Co., Japan were used as FA substrates.
EXPERIMENTAL PROCEDURES

Enzymes:
Lipozyme RM-IM with sn-1,3-positional specifi city originating from Rhizomucor miehei Novozymes Japan Ltd., Japan was used in most experiments. Lipase PL, which preferentially acts at the sn-1,3-position and originates from Alcaligenes sp. Meito Sangyo Co. Ltd., Japan , was also used.
Reagents:
All reagents were commercially available special grades.
Transacylation reaction with lipase
The standard transacylation reaction conditions were as follows: FA acyl group ratio of TAG: FA 1:1.5 was mixed with hexane 10 or 20 mL and Lipozyme RM-IM 30 IUN with TAG 2.0 10 3 mol and stirred for 6 h at 60 . The reaction products were recovered by solvent removal and then subjected to preparative TLC or 3 hydrated Florisil column chromatography using hexane/diethyl ether 90/10, v/v as a developing or elution solvent to fractionate the TAG fraction. Every experiment was performed in triplicate and the mean transacylation ratios are shown in the following tables and fi gures. Reaction conditions for introducing short-chain fatty acids into TAG 2.0 10 3 mol were optimized for enzyme amount 15-60 IUN , acyl group ratio TAG:FA 1:1.0-1:2.5 , and reaction time 6-72 h .
Analyses 2.3.1 Lipid composition:
The lipid composition of the transacylation reaction products were analyzed by TLC-FID analysis using the IATROSCAN MK-6 Mitsubishi Chemical Medience Corp., Japan and TAG recoveries were calculated. The developing solvent was comprised of benzene/ethyl acetate/acetic acid at a ratio of 90/10
The recovered TAG fraction was methyl-esterifi ed as described by Jham et al. 13 and subjected to GLC analysis to determine its FA composition. The transacylation ratio was calculated from the FA composition before and after the reaction. GLC was performed as follows: a fused silica capillary column HR-SS-10 0.25 mm 25 m; Sinwa-kagaku Co. Ltd., Japan was connected to a GLC model GC-18A; Shimadzu Corp., Japan . The column temperature was programmed to 35 6 min 20 /min 155 5 /min 170 2 /min 174 1 /min 180 10 /min 200 2 min . Helium at 80 kPa was used as the carrier gas, FID was used as the detector, and the split ratio of the injected sample was 60/1.
TAG molecular species composition:
The TAG molecular species compositions of the prepared structured oils were analyzed by HPLC as follows: a reversed-phase column Crest Pak C18S 4.6 mm 150 mm; JASCO Corp., Japan was connected to an HPLC model LC-10AD; Shimadzu Corp., Japan . Mobile-phase solvents, which consisted of acetone and acetonitrile at ratios of 50/50, 40/60, and 10/90 v/v , fl owed through the column at 0.8, 0.7, and 0.6 mL/min. Solvents and fl ow rates were specifi cally selected to analyze the target TAG. A refractive index detector model RID-10A, Shimadzu Corp., Japan and an integrator Chromatopak model C-R8A, Shimadzu Corp., Japan were also used 14 .
RESULTS AND DISCUSSION
3.1 FA specificity of Lipozyme RM-IM under standard reaction conditions Enzymatic transacylation of TAGs trilaurin and HL with FAs of different chain lengths under standard reaction conditions see 2.2 above was performed to characterize the FA specifi city of Lipozyme RM-IM. The transacylation ratios of the prepared structured oils and their TAG molecu-lar species compositions are given in Table 1 and Fig. 1 , respectively. The transacylation ratios of trilaurin and HL were 25.5-36.6 and 24.5-41.2 , respectively, and TAG substrates had little effect on the ratio of transacylation with Lipozyme RM-IM Table 1 . Trilaurin yielded a higher transacylation ratio medium-chain FAs long-chain FAs short-chain FAs ; with HL, the ratio of medium-chain FAs was higher than those of short and long-chain FAs. The molecular species composition of TAG transacylated from trilaurin and HL substrates were the same, regardless of FA chain length. Although the GLC-analyzed transacylation ratio seemed to consist of a mono-substituted TAG, HPLC analysis confi rmed that di-and non-substituted TAGs were also present. Trilaurin and HL can therefore incorporate FA substrates at almost the same rate as Lipozyme RM-IM.
Determination of the optimal reaction conditions for
short-chain FA substrates The results described in section 3.1 confi rm that shortchain FAs were not signifi cantly incorporated into the TAG substrate. Further examinations aimed to defi ne the optimal reaction conditions, enzyme amounts, TAG:FA acyl group ratio, and reaction time using trilaurin and HL as TAG substrates with C4:0, C5:0, and C6:0 short-chain FAs. The transacylation ratios under the optimized conditions are given in Table 2 . C4:0, C5:0, and C6:0 were introduced at a ratio of 52.4, 42.5, and 34.1 into trilaurin, and at 33.0, 43.9, and 45.0 into HL, respectively transacylation ratio was improved largely by prolongation of the reaction time. These results were greater in comparison with the values obtained in section 3.1 under standard conditions; thus these reaction conditions were determined to be optimal for introducing short-chain FAs into TAG substrates using Lipozyme RM-IM. Analysis of the TAG molecular species compositions in the prepared structured oils found that di-substituted TAGs increased and mono-substituted TAGs decreased when accompanied by shorter chain FAs as shown in Fig. 2 . TAG incorporated short-chain FAs such as C4:0 or C5:0 could therefore be prepared with trilaurin and HL to yield transacylation ratios of 33-52 .
Comparison of enzymes of different origins for the
preparation of structured oils with short-chain FAs Reactions were also carried out using trilaurin as a TAG substrate and C4:0, C5:0, or C6:0 as FA substrates in order to compare the transacylation of short-chain FAs with TAG substrate using Lipase PL and Lipozyme RM-IM, which have different origins. The optimized reaction conditions see section 3.2 were used for transacylation with Lipozyme RM-IM. Transacylation ratios under the optimum conditions determined for Lipase PL are given in Table 3 and the TAG molecular species compositions are given in Fig. 2 . The transacylation ratios of C4:0, C5:0, and C6:0 into trilaurin using Lipase PL were 51.1, 47.7, and 43.4 , respectively Table 3 . The ratios of C5:0 and C6:0 were higher than those obtained with Lipozyme RM-IM Table  2 . The results also shown in Fig. 2 confi rm that Lipase PL, like Lipozyme RM-IM, can easily increase di-substituted TAGs and decrease mono-substituted TAGs when accompanied by shorter chain FAs. Lipase PL therefore has demonstrable utility in introducing short-chain FAs into TAG composed of long-chain FAs.
3.4 Correlation between TAG molecular composition and transacylation ratio Finally, the correlation between TAG molecular species compositions and their transacylation ratios in the structured oils examined in section 3.1, 3.2, and 3.3 were investigated. Figure 3 shows the correlations between transacylation ratios and di-substituted TAG contents in all structured oils prepared with trilaurin and HL under optimized and standard conditions. As shown in Fig. 3 , excellent positive correlations were found between the transacylation ratios and the contents of di-substituted TAGs when trilaurin and HL were used as TAG substrates. The molecular species composition was found to depend only on the transacylation ratio, irrespective of the TAG and FA substrates. 
SUMMARY
Transacylation of saturated FA substrates with various chain lengths into TAG substrates such as trilaurin or HL under standard reaction condition was performed; the transacylation ratio exhibited a rising tendency mediumchain FAs long-chain FAs short-chain FAs , and the prepared TAG molecular species compositions were mainly mono-substituted with every tested FA substrate.
During optimization of the reaction conditions for shortchain FA substrates, transacylation ratios of C4:0 and C5:0 were found to improve with prolonged reaction time. Transacylation with Lipozyme RM-IM, which has 1,3-positional specificity, yielded a short-chain FA ratio of about 40 , a very successful result; the theoretical ratio reaches 66 when the FAs short-chain FA FA originated from TAG are completely incorporated at the 1,3-position of TAG substrate. Because FA released from TAG substrate also could concern to transacylation. The molecular species compositions of TAGs for C5:0-C10:0 substrates contained almost equal amounts of mono-and di-substituted TAGs, refl ecting their transacylation ratios.
Moreover, the examination of the reactivity of trilaurin and short-chain FAs with Lipozyme RM-IM and Lipase PL under optimized condition demonstrated that Lipase PL is an effective enzyme for introducing short-chain FAs into trilaurin.
This work investigated the preparation of structured oils containing high-ratio short-chain FAs by enzymatic transacylation of TAG substrates such as trilaurin and HL and characterized the molecular species composition of structured oils by reversed-phase HPLC.
